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Development of reflux in the perforator veins
in limbs with primary venous disease
Nicos Labropoulos, PhD, DIC, RVT, Apostolis K. Tassiopoulos, MD, Ahmad F. Bhatti, MD, RVT,
and Luis Leon, MD, RVT, Newark, NJ
Objective: To determine the patterns by which perforator vein (PV) reflux develops in patients with primary chronic
venous disease (CVD).
Methods: Patients with CVD who had at least two examinations with duplex ultrasonography before any treatment were
included in this study. These were patients who were offered an operation at their first visit, but for various reasons
treatment was postponed. All affected limbs were classified by the CEAP classification system. A detailed map of normal
and refluxing sites was drawn on an anatomic chart by using several landmarks of the skin, muscle, and bone. Reflux was
induced by distal limb compression followed by sudden release by using rapid-inflation pneumatic cuffs and dorsiplantar
flexion. All new reflux sites were documented. The PV reflux was divided into ascending type, descending type (re-entry
flow), and those that developed in new locations, which did not have reflux in any system at that level.
Results: The total number of patients studied was 127 (158 limbs). There were 29 limbs (18%) in 26 patients with reflux
development in the PV. In total, 38 new incompetent PVs were identified. The median time for the examination was 25
months (range, 9-52 months). Reflux in a previously normal PV at a re-entry site was detected in 15, in an ascending
manner from an extension of superficial vein reflux in 18, and in a new, previously intact location in 5. At the new sites,
reflux in the superficial veins connected to the incompetent PVs was always present. PVs connected to the great
saphenous vein system were most common (n  27), followed by those connected to short saphenous (n  8) and
nonsaphenous (n  3) veins. Worsening in the clinical class was observed in 11 limbs: 5 from class 2 to 3, 2 from class 2
to 4, 2 from class 3 to 4, and 2 from class 4 to 6. The worsening could not be attributed to the PV reflux alone, because
other veins became incompetent as well.
Conclusions:Reflux in PVs develops in ascending fashion through the superficial veins, at re-entry points, and at new sites.
Worsening of CVD is observed with new PV reflux, but many other factors play a major role, and therefore a causative
association is difficult to prove. (J Vasc Surg 2006;43:558-62.)The etiology of venous reflux in superficial and perfo-
rator veins (PVs) is unknown. The most predominant the-
ory is that of weakening of the venous wall, which eventu-
ally leads to valve failure.1At the early stages of the disease,
reflux is most prevalent in the superficial veins.2-4 Reflux in
the PVs is defined as outward flow from the deep to the
superficial veins.5 It has been suggested that high flow from
the deep veins during muscular contraction eventually ren-
ders the perforating veins incompetent.6 Others have also
suggested that reflux in the PVs is due to volume overload
at the re-entry points of incompetent superficial veins.7,8
However, direct evidence for both these theories is lacking,
because most investigations have been cross-sectional pop-
ulation studies without any longitudinal study on disease
progression. This prospective study was designed to de-
scribe the patterns of reflux development in the PVs.
PATIENTS AND METHODS
Data on patients with chronic venous disease (CVD)
were prospectively entered in a customized database. Pa-
tients with CVD who had at least two duplex ultrasonog-
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558raphy (DU) scans before any treatment were included in
the study. These were patients who were offered an opera-
tion at their first visit, but for various reasons treatment was
postponed. Rather, treatment was given at a later stage.
Patients with a history of deep venous thrombosis or prior
surgical intervention were excluded. History and physical
examinations were performed in all patients on the original
visit and on subsequent visits. The CEAP classification
system was used to grade the severity of CVD.
Color-flow DU scanning was used for reflux determi-
nation. Multifrequency 4- to 7-MHz linear array transduc-
ers were most commonly used. For veins located 1 cm from
the skin within the subcutaneous tissues, 10-MHz trans-
ducers were used instead. For veins located more than 6 cm
from the skin, 3-MHz transducers were preferred. The
veins were evaluated with patients in the standing position.
The examination techniques have been described else-
where.9 Reflux was induced by distal limb compression
followed by sudden release by using rapid-inflation pneu-
matic cuffs (Aircast, Summit, NJ) with a maximum pressure
of 80 mm Hg. Reflux was considered to be present when
retrograde flow lasted more than 0.5 seconds in the super-
ficial veins or the deep calf veins, more than 350 millisec-
onds in the PVs, and more than 1 second in the femoro-
popliteal veins, on the basis of results previously published
by our institution.10 All PVs were reassessed for the
development, persistence, or lack of reflux. The ana-
tomic locations of the PVs were meticulously recorded
ate th
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tial comparisons (Fig). The PVs were examined in all
aspects of thigh and calf, in the lateral aspect of the knee, in
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characteristics. The diameter difference between the two
DU examinations was compared by using the Student
t test. Statistical significance was set at an  level of .05.
The Fisher exact test was used to compare the prevalence of
the types of reflux development and the number of incom-
petent PVs between the great and short saphenous veins.
RESULTS
There were 29 limbs in 26 patients with reflux devel-
opment in previously competent PVs in the interval be-
tween DU studies. There were 11 male and 15 female
patients with a mean age of 51 years. The median time for
the examination was 25 months (range, 9-52 months).
These patients were part of a larger cohort that had primary
reflux and repeat DU scans. In total, there were 158 limbs
in 127 patients. No change was found in 106 limbs (67%),
a change in the superficial veins only was found in 23 (15%),
and changes in both the superficial veins and PVs were
found in 29 (18%). Most limbs were from CEAP class 2
(73; 46%), class 3 (45; 29%), and class 4 (24; 15%). The
CEAP class at the first DU did not predict which limbs
would develop new sites of reflux: the proportion of limbs
with change was equal in C2 (26/73; 36%), C3 (15/45;
33%), and C4 (7/24; 29%).
In total, 38 new incompetent PVs were identified.
The location of the new incompetent PVs is described in
Table I. The development of reflux in the previously com-
petent PVs was associated with an increase in their diameter
from 2.76  0.58 mm (SD range, 1.7-3.9 mm) to 3.17 
0.64 mm (SD range, 2.2-4.6 mm), and this was statistically
significant (P  .01). Out of 38 new incompetent PVs
detected, 15 developed in a descending fashion at a re-entry
site, 18 developed in an ascending manner from an exten-
sion of superficial vein reflux (P .64), and 5 developed in
a new, previously intact location. At the new reflux sites, the
superficial veins connected to the PVs were incompetent.
The reflux in the new sites was located in the calf (n  3)
and in the thigh (n  2). The time at which this reflux was
detected was 21, 27, 32, 39, and 44 months after the first
DU scan. Examples of the different patterns of PV reflux
development are shown in the Figure.
Reflux in the adjoining deep veins was found in only
Table I. Anatomic location of new incompetent
perforator veins
Location Segment n
Thigh (n  6) Medial 3
Lateral 3
Calf (n  31) Medial 22
Lateral 2
Posterior 6
Anterior 1
Knee (n  1) Posterior 1
Total 38
Numbers in parentheses are location totals for the thigh, calf, and knee.five limbs. It is interesting to note that in all five limbs, thisdeep vein reflux was not present when the PVs connected to
them were competent. The incompetent deep veins were
the femoral (n  2), popliteal (n  1), and posterior tibial
(n  2). The deep vein reflux was segmental, and its
duration was short (0.7-1.5 seconds). The PVs that devel-
oped reflux were connected to the great (n 27) and short
(n  8) saphenous veins and their tributaries (P  .0001)
and the nonsaphenous veins (n  3). The length of the
superficial vein segments involved in the re-entry reflux
increased in 4 and in the ascending type in 15.
Table II summarizes the CEAP classification in the 29
limbs studied. Worsening of the clinical class was seen in 11
limbs. The median time at which the clinical deterioration
occurred was 31months and ranged from 14 to 52months.
Five limbs progressed fromC2 to C3, two fromC2 to C4A,
two from C3 to C4Aand C4B, and two from C4 to C6. The
worsening in the clinical picture, however, could not be
attributed to development of reflux in the PVs alone be-
cause other veins became incompetent as well in all 11
limbs. Furthermore, two patients had calf muscle pump
dysfunction and two other patients gained weight.
DISCUSSION
PVs connect the superficial with the deep venous sys-
tem. Most of these vessels have at least one subfascial
bicuspid unidirectional valve that allows blood to flow from
the superficial to the deep veins (inward flow).11 PV incom-
petence is often seen in patients with CVD. Recent studies
on the anatomic distribution of venous insufficiency in
patients with CVD have shown that PV incompetence is
present in approximately 20% of limbs.2,3,12,13 The hemody-
namic significance of PV insufficiency has been a subject of
debate. Some investigators have reported that incompetent
PVs do not contribute to venous hypertension,14-16 whereas
others suggest that they are important.4,17-20 Although the
role of PVs in the development of signs and symptoms
remains unclear, the number of incompetent PVs and the
size of both competent and incompetent PVs have been
shown to increase with worsening CVD.1,5,17,21-23 Fur-
thermore, it was recently reported that the duration of
outward flow in these veins was longer in patients with
ulcers compared with those in lower classes of CVD.5
Several studies have reported that the diameter of in-
Table II. CEAP classification of the 29 limbs studied
during the final duplex examination
Clinical
class Etiology
Anatomic
distribution Pathophysiology
1 0 Primary (29) S (0) R (29)
2 7 Secondary (0) S  P (24) O (0)
3 10 P  S (0) S  D (0) R  O (0)
4 6 Congenital (0) S  P  D (5)
5 2 P  D (0)
6 4
S, Superficial vein; P, perforator vein;D, deep vein;R, reflux;O, obstruction.competent PVs is larger compared with that of PVs without
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showed that the diameter of specific PVs increases signifi-
cantly as these vessels progress from a competent to an
incompetent status. Because competent PVs were studied
in the initial examination, their diameter was small to begin
with. With the median time for the second examination
being only 25 months, the PVs that became incompetent
increased their diameters, but all of them were smaller than
5 mm. Whether this diameter increase is the cause or the
result of PV insufficiency remains to be proven.
The pathophysiologic mechanisms that lead to the
development of PV reflux have not been elucidated. This is
partly due to a lack of longitudinal studies on the natural
history of CVD. For several years, the most prevalent
theory was that of the ankle blowout syndrome introduced
by Cockett and Elgan-Jones6 50 years ago. The authors
suggested that high pressure transmitted from the deep
veins duringmuscular contraction progressively leads to PV
dilatation, which eventually causes PV incompetence.More
recent reports have proposed that reflux in the PVs is due to
volume overload at re-entry points of incompetent superfi-
cial veins. The latter theory is, in part, supported by the
observation that in most cross-sectional studies, PV incom-
petence is associated with reflux in the superficial veins
connected to them.2-5,7,26 Moreover, Stuart et al27 have
shown that, in the absence of deep vein insufficiency,
surgical correction of superficial vein reflux corrects PV
insufficiency in most limbs. In our study, this pattern was
seen in 39.5% of all new incompetent PV sites. It is con-
ceivable that increased blood flow at these re-entry points
leads to weakening of the PV wall, dilatation, and eventu-
ally reflux.
We identified two other patterns by which previously
competent PVs become incompetent. These were ascend-
ing development and that in new sites. The ascending
development of reflux into PVs from previously competent
segments of superficial veins was more prevalent (47.4%)
but comparable to the re-entry type. A smaller number of
incompetent PVs were detected in new locations that pre-
viously did not have reflux in any system. Because there was
no deep vein reflux in this location, and in the absence of
other serial examinations, the reflux development in the
new sites could have been either ascending or descending.
Nevertheless, even in the latter category, PV reflux was
always associated with reflux in the superficial vein con-
nected to it. This points out the important role of superfi-
cial vein reflux in the development of PV incompetence.
This observation can also explain why, in cross-sectional
population studies, isolated PV incompetence is very rare,
and most limbs with PV reflux have reflux in the superficial
veins as well.2-4 Because most limbs in the early stages of
CVD exhibit reflux in the superficial veins only, it can be
assumed that one of the mechanisms for development of
PV insufficiency involves the presence of reflux in the
superficial vein segment to which this PV connects. From
the data in our study and the observations in previous
studies of patients with primary venous disease, it would be
safe to assume that reflux in the PV occurs only in thepresence of incompetent superficial veins that act as a
capacitor for the refluxing PV. As the local hemodynamic
conditions change and as intravenous pressure increases,
the diameter of the PV increases, and the PV valve becomes
incompetent. This may be in combination with or separate
from primary venous wall disease.
Our study showed that only five new incompetent PVs
were seen in association with reflux in the deep vein con-
nected to them. A very important observation was that in all
five sites, deep vein reflux was not present at the time of the
first duplex study, when the PV connected to them was still
competent; it seemed to have developed simultaneously
with reflux development in the PV connected to it. Super-
ficial vein reflux was present in all these sites. This suggests
that deep vein reflux is not required for development of PV
insufficiency in primary venous disease. Rather, deep vein
reflux could develop as a result of increased flow from the
incompetent superficial veins through the PV, the diameter
of which has increased.
The prevalence of PV insufficiency increases with wors-
ening CVD.4,12,17,28,29 Our study showed that the devel-
opment of reflux in previously normal PVs was seen in
association with worsening of the clinical stage of CVD in
11 of 29 limbs. Although the worsening of clinical stage
cannot be attributed to extension of reflux in the PVs alone,
one can safely assume that the natural history of long-
standing reflux in the superficial veins is that of progressive
deterioration, with extension of reflux to other previously
competent segments of the superficial veins and to the PVs
connected to them. This observation brings up several
significant points. First, as other studies30 from our institu-
tion have also suggested, patients with documented super-
ficial vein reflux whose treatment is delayed for more than 6
months may require a new duplex scan before their proce-
dure to avoid missing new incompetent vein segments.
Moreover, because there is sufficient evidence that correc-
tion of reflux in the superficial veins can correct PV or even
deep vein reflux in certain patients and halt CVD progres-
sion,27,31-33 abolishing superficial vein reflux seems appro-
priate.
PV insufficiency develops at re-entry sites of incompe-
tent superficial veins, by ascending extension of superficial
vein reflux, or at previously normal sites. In all cases, it is
associated with reflux in the connected superficial veins and
may result in clinical deterioration of the limb. The natural
history of long-standing superficial vein incompetence is
that of progressive deterioration with development of new
reflux by extension or at previously uninvolved sites.
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